Three years ago one of us, 2 in the attempt to produce anemia in guinea pigs by carbon monoxide, found that certain blood changes of rather a surprising nature were produced. Animals were placed in a chamber through which was drawn a mixture of water gas, containing about 20 per cent. of carbon monoxide, and air, and they were kept continuously in that atmosphere. After a few days it was found that the number of erythrocytes in the peripheral circulation began to increase until a definite maximum had been attained, the maximum varying according to the proportion of the blood hemoglobin saturated with carbon monoxide. Thus, when 25 per cent. of the hemoglobin was saturated, the number of erythrocytes present in the peripheral or internal circulation was found to be 8,ooo,ooo as compared with the normal number of 6,ooo,ooo. Other changes were also noted which were constant and definite in character.
We considered it of interest to find out whether, in the blood of animals subjected to the continuous action of water gas, hemolysins, agglutinins or precipitins would be formed which would react with the sera and erythrocytes of normal rabbits. We also wished to see whether we could produce anemia by means of carbon monoxide by varying the amount and method of giving the same. We selected rabbits for these experiments, as we needed to draw small amounts of blood at frequent intervals. It was, therefore, necessary to see whether rabbits would react to the carbon monoxide in the same way as guinea pigs.
Rabbits were accordingly placed in the gas chamber through which a dilute mixture of gas and air was drawn for the first 'Received for publication January I7, I9IO. ' -' Nasmith and Graham, Jour. of Physiol., 1906 , XXXV, 32. 282 twenty-four hours; a larger percentage of gas was then added, until on the third day about 25 to 33 per cent. of their hemoglobin was saturated. If placed directly into this strength of gas they invariably died. At the end of three days profound degenerative changes were found in the erythrocytes, corresponding in detail to those found in the guinea pigs. Nucleated reds were always found, their appearance usually occurring within two days. The changes in the white blood corpuscles were also comparable to those in the guinea pig. A rabbit (B and \V) was placed in the gas chamber on January 4, 19o9. Other animals have reacted in exactly the same way, so the red blood corpuscles of the rabbit evidently are affected by carbon monoxide in the same way as those of the guinea-pig.
Rabbits wiL a high erythrocyte content have also had the blood from the carol t and heart counted and the same number has been found there as m the peripheral blood. The increase, therefore, as in the guinea pig is a real increase in the production of red blood corpuscles and is not due to a mere peripheral stasis. The hemoglobin increase, though marked, does not correspond to the rise in erythrocytes. Thus a rabbit with II,OOO, OOO erythrocytes only had 118 per cent. hemoglobin; the increase in the erythrocytes being 82 per cent., while the increase in hemoglobin was only 37 per cent. The specific gravity of the blood of a rabbit with a high erythrocyte count is greatly increased. For instance the blood of Rabbit L with 11,272,ooo erythrocytes had a specific gravity of 1,o72, while a normal rabbit with 6,ooo,ooo erythrocytes had a specific gravity of only I,O5i. It was found also that the erythrocytes of a rabbit with a high blood count had the same osmotic tension as erythrocytes of normal rabbits. This was shown by adding the washed corpuscles to varying strengths of sodium chloride solution. The corpuscles from rabbits with high and normal erythrocyte counts were hemolyzed by exactly the same strength of sodium chloride solutions, so there was evidently no difference in their osmotic tension.
Taken altogether it has been found by us that rabbits living continuously in an atmosphere of water gas react in exactly the same way as do guinea pigs, and the changes as far as the red blood corpuscles are concerned, are quite similar. Furthermore, the conclusion that we drew previously, namely, that the increase of erythrocytes is due to an attempt on the part of the animal to keep its oxygen-carrying capacity constant, we believe still holds good. We endeavored to determine whether the law of Weigert would hold under these circumstances, that is, whether animals undergoing active regeneration of red blood corpuscles would go on forming new corpuscles after they had been removed from the gas--in other words, when the stimulus had been withdrawn.
A rabbit with I I,OOO,OOO erythrocytes per cubic millimeter was bled from the jugular vein, forty cubic centimeters of blood being withdrawn. The counts from the marginal ear vein taken at various times since the operation are given below. From these experiments it may be seen that two days after the operation, in both animals there appeared to be a diminution in the number of erythrocytes, then a rise of about a million, the total count then remaining constant for several weeks, although the hemoglobin had fallen back to its normal amount. Other rabbits taken from the gas when undergoing active regeneration of erythrocytes and placed in air show no further increase in the numbers of erythrocytes. Evidently, therefore, in these cases the bloodforming organs cease to throw out large numbers of erythrocytes into the circulation just as soon as the stimulus has been withdrawn. In other words, there is only a sufficient amount of hemoglobin produced and distributed among the erythroeytes to carry the amount of oxygen required by the tissues. The fact that with a definite saturation of the blood with carbon monoxide there is a definite quantity of corpuscles and hemoglobin produced for that saturation is another proof that the stimulus acts only until certain conditions for the supplying of oxygen to the tissues are fulfilled. The hydrogen, methane and carbon dioxide present in the gas mixture would all tend to have the effect of reducing the oxygen tension in the lungs. Rabbits given the gas air mixture for three hours followed by air for three hours for periods of days or weeks reacted in exactly the same way as did rabbits living continuously in the gas air mixture.
An animal, Rabbit M, was placed in the gas mixture and kept there for four days until the blood showed a great amount of erythrocyte degeneration, with many nucleated red blood corpuscles. The animal was then operated on and blood smears taken from the carotid, splenic vein, portal vein and hepatic vein. Differential counts of these smears did not show any marked change, that is, there was no apparent difference between the blood going to and coming from the liver and spleen. Nor was there any perceptible difference between the numbers of degenerated erythroeytes going to and coming from the spleen and liver.
As it was thought possible that there might be something of the nature of hemopoeitin present in the blood of rabbits which were rapidly producing new erythrocytes, some of them were bled to death and the serum injected into fresh rabbits which had had their erythrocytes accurately counted. In no case have we been able to demonstrate satisfactorily anything of the nature of hemopoeitin, although occasionally there has been a slight rise in the erythrocyte count; in other cases there has been a slight fall. For example, Rabbit YF was injected subcutaneously with 2 5 cubic centimeters of serum obtained from a younger rabbit which had been in the gas for four days and showed marked erythrocyte degeneration with many nucleated reds present.
Date.
Erythrocytes.
June 22, 09 7,o24,ooo--injected with 25 c,c. serum June 23, 09 7,032,000 July 3, 09 7,296,000
These experiments also serve to demonstrate the absence of hemolysins, for, though there was sometimes a slight reduction in the number of erythrocytes, there was no constancy in the results ohobtained.
Washed corpuscles from normal rabbits were incubated with serum obtained from the blood of rabbits showing marked degeneration of the erythrocytes. Hemolysis was never obtained in the several cases investigated, and we have, therefore, concluded that in the blood of rabbits showing severe erythrocyte degeneration hemolysins capable of hemolysing rabbit erythrocytes are not present. We have also tested the washed corpuscles of normal rabbits with serum from rabbits in various stages of erythrocyte degeneration and regeneration but we have never been able to demonstrate the presence of agglutinins. Similarly, we have tested normal rabbit sera against sera of rabbits in various stages of degeneration and regeneration and have never been able to show the presence of precipitins.
The fact that we were unable to produce hemolysis of the washed rabbit corpuscles with salt solutions of other than the strength re-quired to hemolyze normal washed corpuscles, although the specific gravity of the blood in rabbits with a ten million erythrocyte count was much above the normal, I.O7O compared with I.O49, seems to demonstrate the fact that the plasma of both rabbits must be of the same specific gravity. In other words the increase in the specific gravity of the blood is due to the additional corpuscles and hemoglobin only.
CONCLUSIONS. I. Rabbits living in an atmosphere of carbon monoxide react in general as guinea-pigs react.
2. The increased specific gravity of the blood in "carbon monoxide" rabbits is due wholly to the increase in the number of erythrocytes and of hemoglobin, and not to any change in the plasma.
3. Weigert's law of inertia, that production would continue after the stimulus has ceased to act, does not hold in the case of carbon monoxide stimulated rabbits.
4. Hemolysins, precipitins and agglutinins towards normal rabbit corpuscles and sera were not present in carbon monoxide rabbits.
5. "Hemopoeitin" or anything of a similar nature was not found in rabbits in any stage of erythrocyte degeneration or regeneration.
